Background: T1 inversion recovery (T1IR) sequence improved tissue contrast by providing higher gray matterwhite matter contrast ratio (GM-WM contrast ratio) and higher lesion contrast noise ratio (CNR). This study aims to highlight its significance in the evaluation of space-occupying lesions whether intra-axial or extra-axial and also in multiple sclerosis (MS) by comparing it with T1 spin echo (T1SE) sequence. Result: In a total of 50 patients, 14 patients with extra-axial lesions, 18 patients with intra-axial lesions, and 18 patients with multiple sclerosis were included. The CNR was significantly higher for pre-contrast T1IR images than for pre-contrast T1SE (− 13.04 (1.20) vs − 7.73 (0.70); p value < 0.01). After giving intravenous contrast media, CNR in T1SE was higher than T1IR (11.14 (1.75) vs 9.41 (1.83)) without statistical significance (p value = 0.19) and CNR was higher in T1IR than T1SE in lesions with low enhancement ratio (ER). As well, the overall number of lesions was higher on T1IR especially in MS (10.67 (2.26) vs 3.89 (1.05); p value < 0.01). Conclusion: On pre-contrast sequences, T1IR could be used as an added sequence in most brain lesions giving higher lesion CNR. After giving intravenous contrast media, T1IR could be used in lesions with low ER. It also could be used in situations in which gadolinium injection is contraindicated and also could be used in follow-up of MS patient by detecting a higher number of lesions that can be easily missed in T1SE.
Background
Inversion recovery sequences are commonly used as FLAIR (fluid attenuated inversion recovery) and STIR (short tau inversion recovery) by suppressing MR signals from CSF and fat, respectively. However, it could also be used to generate T1-weighted images that are called T1 inversion recovery (T1IR) [1] .
Through reducing the acquisition time in this sequence and increasing its spatial resolution by applying multishot echo planar imaging and fast spin echo imaging, it became practical to be used in neuroimaging [2] . Furthermore, it improved tissue contrast by providing higher gray matter-white matter (GM-WM) contrast ratio and higher lesion contrast noise ratio (CNR), so it could be used in the evaluation of neoplastic space-occupying lesion whether extra-axial or intra-axial [3] .
It also could be used in the diagnosis, monitoring disease progression, and treatment efficacy in multiple sclerosis (MS) as it detects the black hole lesions that show better correlation with clinical disability [4] . Conversely, the correlation between the current magnetic resonance (MR) measures and clinical disability measures is still weak (that is called MRI/clinical dissociation), making the current MRI sequences inadequate in the monitoring of disease activity and insufficient in the assessment of treatment efficacy [5] [6] [7] . T1IR, by providing higher GM-WM contrast ratio and lesion CNR, might aid in revealing a higher number of cortical lesions in MS that go undetected in conventional MR techniques, making it more promising for accurate quantification of lesion load and disease burden [8] [9] [10] .
The goal of this study is to highlight the significance of T1IR sequence in neuroimaging in the evaluation of neoplastic space-occupying lesions whether intra-axial or extra-axial and also in the evaluation of demyelinating diseases such as multiple sclerosis, by comparing it to the conventional T1 spin echo (T1SE) to determine which of them would be the most valuable sequence.
Methods and materials
This study was carried at Menoufia University Hospitals, and all study procedures were approved by the ethical committee of Menoufia Faculty of Medicine and after taking written informed consent from patients involved in the study; it was prospectively performed from August 2017 to July 2018. Fifty patients were recruited and subjected to MRI imaging. We included neoplastic space-occupying lesions whether primary or metastatic. Other nonneoplastic space-occupying lesions were excluded (infective or inflammatory). We also included demyelinating lesions due to multiple sclerosis and excluded demyelinating lesions due to viral, metabolic, toxic, and vascular causes. All MR examinations were performed using a 1.5-T MR scanner (Toshiba Excelart Vantage, Japan) and standard 16-channel headcoil. We obtained T1SE pre-contrast and postcontrast (axial), T1IR pre-contrast and post-contrast In our study, images were interpreted by two radiologists-blinded to clinical data-with experience over 10 years, in conjoint reading sessions, and then, the final decision was taken by discussion and consensus. These images were analyzed in both T1SE (axial) and T1IR (axial) sequences with respect to lesion number and signal intensity (SI). The SI was calculated digitally by drawing a circular region of interest (ROI) on the lesion, approximately 100 mm 3 . The images of interest were displayed side by side on the workstation (Aze Virtual Place FujinRaijin 310). 
Statistical analysis
First, we compared the degree of lesion contrast noise ratio (CNR) between T1SE and T1IR before and after giving intravenous contrast media. CNR was defined as the difference between the lesion signal intensity and white matter signal intensity (SI) divided by the lesion signal intensity standard deviation (SD). We further compared the degree of CNR between T1SE and T1IR sequences according to each type of lesion into three subgroups (extra-axial, intra-axial, MS). After giving intravenous contrast media, we compared the CNR between T1SE and T1IR sequences according to enhancement ratio (ER) into two subgroups (low enhancement ratio and high enhancement ratio): ER = post-contrast (lesion contrast ratio)/pre-contrast (lesion contrast ratio). Lesion contrast ratio was defined as SI of lesion divided by SI of white matter. The median overall value of all lesion ER was (0.68), so we divided lesions into high enhancement ratio and low enhancement ratio groups based on this value. Finally, we assessed the difference between T1SE and T1IR sequences after giving intravenous contrast media according to number of enhanced lesions (Fig. 1 ). All statistical analysis was performed on Microsoft Excel 2016 using a one-tailed Fig. 2 Accidentally discovered posterior fossa mass. a T1IR pre-contrast. b T1SE pre-contrast. Posterior fossa lesion at left cerebellopontine angle that was better identified in T1IR than in T1SE as it appears with hypointense signals and higher lesion CNR than surroundings in T1IR with better delineation between its border and the adjacent left middle cerebellar peduncle (arrows in a, arrows in b). c T1IR post-contrast. d T1SE postcontrast. After giving intravenous contrast media, the lesion appeared with homogenous enhancement in both sequences with no superiority of each of these sequences (arrows in c, arrows in d) 
Results
During the study period, a total of 50 patients were included (21 males and 29 females). The mean age was 43 years old (age range 19-73 years). Extra-axial lesions were identified in 14 patients (5 with meningioma, 3 with metastasis of unknown origin, 2 with vestibular shwannoma, 2 with metastasis from breast carcinoma, 1 with metastasis from rhabdomyosarcoma, and 1 with secondary lymphoma); meanwhile, intra-axial lesions were identified in 18 patients (5 with metastasis from bronchogenic carcinoma, 5 with glioblastoma, 4 with anaplastic astrocytoma, 2 with metastasis from breast carcinoma, and 2 with metastasis from unknown origin) and MS lesions were also identified in 18 patients. The SI for both the lesion and white matter was recorded then CNR was calculated for both pre-contrast and post-contrast study.
Comparing T1SE and T1IR based on CNR
The CNR was significantly higher in pre-contrast T1IR than in pre-contrast T1SE with mean value − 13.04 (1.20) vs − 7.73 (0.70) and with p value < 0.01 (Fig. 2) . Furthermore, the CNR was higher in post-contrast T1SE than in post-contrast T1IR, although difference did not achieve statistical significance with mean value 11.14 (1.75) vs 9.41 (1.83) and p value = 0.19 as shown in Table 1 . (Table 2) .
Subgroup analysis

Comparing T1SE and T1IR based on ER
The mean CNR value was significantly higher in T1IR in the weak enhancement ratio group with mean value 18.91 (2.68) vs 1.05 (0.59). Meanwhile, it was significantly higher in T1SE in the high enhancement group (21.24 (1.92) vs 0.64 (0.37)) and the results were statistically significant in both groups (p value < 0.01) as shown in (Table 3) .
Comparing T1SE and T1-IR based on number of lesions
The overall number of lesions was significantly higher in T1IR than in T1SE with mean value 4.94 (0.92) vs 2.36 (0.37) and p value < 0.01 (Table 1) . Regarding subgroup analysis, we found that T1IR was statistically significant in MS group as regards to the number of lesions (10.67 (2.26) vs 3.89 (1.05); p value < 0.01; Fig. 4 ), but it showed no difference in extra-or intra-axial lesions with mean Table 4 ).
Discussion
Conventional MR sequences produce only positive longitudinal magnetization. Conversely, inversion recovery (IR) sequences are displayed after rotating the positive longitudinal magnetization into negative magnetization, so IR sequences can generate more tissue contrast [2] . T1IR is an MRI sequence with 180 radio-frequent pulses with high lesion CNR and GM-WM contrast ratio than T1SE sequence, so it can be used in the evaluation of various neoplastic space-occupying lesions and demyelinating diseases such as multiple sclerosis [1] . In our study, we compared between T1IR and T1SE on 50 
patients with different brain diseases aiming to reveal superiority of each sequence in each brain disease. In our study, on non-contrast sequences, T1IR was better than T1SE, giving higher CNR with mean value − 13.04 (1.20) for all types of lesions (multiple sclerosis, intra-axial, and extra-axial space-occupying lesions). The same of our results were reported by Bing et al. [1] in a study carried on 30 patients with various neurologic diseases, and T1IR was superior to T1SE with improved determination of lesion extent, conspicuity, and lesion delineation; this was because T1SE had the poorest GM-WM contrast and poor lesion-to-background contrast by visual comparison between T1SE and T1IR. As well, Rydberg et al. [11] , in a study carried on 15 patients with contrast-enhancing brain space-occupying lesions, showed that T1IR had quantitatively comparable or superior lesion-to-background contrast ratio, GM-WM contrast ratio, and superior CSF-WM contrast ratio; also, it provided qualitatively superior lesion detection compared to T1SE, as well as, superior lesion conspicuity and image contrast. In the same context, Lee et al. [12] , in a study carried on 15 patients with 18 lesions, showed that T1IR was superior to T1SE in the determination of lesion extent in 16 lesions and provided higher CNR and GM-WM contrast ratio, but it takes more time than T1SE. However, Qian et al. [3] reported opposite results to our study, as T1SE was sensitive than T1IR in the detection of brain metastasis, but this can be accounted by the difference of nature of the disease, because many of metastatic lesions included in this study were small hemorrhagic lesions that were better detected on T1SE because of its sensitivity to hemorrhagic lesions.
We also reported in our study that after giving intravenous contrast media, T1IR was better than T1SE, giving higher CNR in lesions with low enhancement ratio with mean value 18.91 (2.68) vs 1.05 (0.59). On the other side, T1SE was better than T1SE in lesions with high enhancement ratio with mean value 21.24 (1.92) vs 0.64 (0.37). This goes on with results of Bandai et al. [13] , in which T1IR provided higher tumor-to-WM contrast ratio with mean value 38.89 (2.68) in 13 enhanced tumors, and it also revealed 7 non-enhanced and low enhanced tumors that were poorly visualized on T1SE. The same results were reported in other studies [14, 15] .
In our study, T1IR aided in the detection of higher number of lesions than T1SE especially in patients with multiple sclerosis with mean value 10.67 (2.26) vs 3.89 (1.05). This seemed consistent with Harel et al. [16] , Sethi et al. [17] , and Nelson et al [18] who showed that T1IR improved the detection of cortical and juxtacortical lesions in progressive multiple sclerosis with accurate localization of them; this can be due to the higher WM-GM contrast ratio, making it extremely useful in followup of these patients.
We encountered some limitations in our study. Firstly, our study included only 50 patients; this number reveals minor differences between T1IR and T1SE especially with different brain lesions. Secondly, most of our MS patients were in inactive state. Therefore, we could not assess their SI on post-contrast lesions. Finally, we did not assess the size of lesions in both sequences. Hence, more studies should be done to reveal the full comparison between both sequences.
Conclusion
On pre-contrast sequences, T1IR could be used as an added sequence in most brain lesions giving higher lesion CNR. After giving intravenous contrast media, T1IR could be used in lesions with low ER. It also could be used in situations in which gadolinium injection is contraindicated and also could be used in the follow-up of MS patients by detecting a higher number of lesions that can be easily missed in T1SE. Ethics approval and consent to participate All study procedures were conducted in accordance with the Declaration of Helsinki and were approved by the ethical committee of Menoufia Faculty of Medicine, and all data were extracted after taking written informed consent from patients involved in the study.
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